Thoracic epidural catheterization is used widely for anesthesia and postoperative pain control in thoracic and abdominal surgery. Generally, an epidural catheter is inserted only 4-5 cm into the epidural space, as excessive catheter insertion causes complications like vascular injury and paresthesias [1] . Nevertheless, a catheter can often be inserted quite a distance as a consequence of the catheter becoming dislodged outside the epidural space with changes in the patient's position. Most studies of the amount of epidural catheter insertion have focused on the lumbar level [2, 3] . Therefore, we examined catheter advancement at the thoracic level.
This study enrolled 72 mastectomy patients graded as American Society of Anesthesiologists class I or II and treated under general or epidural anesthesia. A thoracic epidural catheter was inserted for post-surgical pain control. Patients with coagulopathy, infection at the needle puncture site, a history of spine surgery, or scoliosis were excluded. The aims of the study were explained to the patients and the study was approved by the Institutional Review Board.
In a sitting position, the patient's neck was flexed as much as possible while the patient held the opposite knee with both hands, and the inferior tips of both scapulas were palpated to find the seventh thoracic spinous process. Then, an epidural puncture was made in the largest interspinous space out of T3-4, T4-5, or T5-6. Using a midline approach, with the bevel of a 17-gauge Tuohy needle facing cephalad, the needle was inserted and the epidural space was confirmed by the loss-ofresistance method using air. Then, a 19-gauge end-hole epidural catheter (Flextip Plus TM Epidural Catheter; Arrow International
Inc., Reading, PA, USA) with a spring wire coil was inserted into the epidural space. If the patient complained of severe pain, insertion was stopped and the catheter was fixed. If the patient did not complain, the catheter was inserted a maximum of 8 cm into the epidural space. Then, anteroposterior and oblique X-rays of the thoracic spine were taken. The catheter was fixed 4 cm into the epidural space, and then local anesthetics were administered into the epidural space and the surgery was performed. From the thoracic X-ray images, the shape of the epidural catheter was classified as A) straight, B) a single loop, C) a double loop, or D) coiled (more than two loops) (Fig. 1) . The maximum inserted length of the catheter into the epidural space was recorded as the catheter tip position for a straight catheter or otherwise the higher of the catheter tip or the kinked point at the highest position. It was also noted whether the catheter tip was below the epidural puncture site. All assessments were made by three anesthesiologists and the length of catheter inserted was recorded in units of 0.5 segments. The thoracic epidural catheter was straight in 8 (11.1%) subjects, a single loop in 23 (31.9%), a double loop in 31 (43.1%), and coiled in 10 (13.9%). The catheter was inserted into the epidural space a mean of 1.85 ± 1.13 (range 0-5) segments. In no case was the catheter tip located below the site of epidural puncture.
Using a midline approach, when a catheter was inserted into the lumbar epidural space in 40 patients until it started to coil, Kim et al. [2] reported that the catheter was inserted 2.0-3.5 cm in 29, < 2 cm in 4, and > 3.5 cm in 7, including one patient in whom it was inserted 8 cm. In two patients (5%), the catheter S52 www.ekja.org
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The shapes of epidural catheters was inserted in the direction opposite the Tuohy needle bevel unintentionally. In their series, Bridenbaugh et al. [3] reported that 14% of patients had the catheter inserted without coiling, while 86% had coils (62%) or a single loop (24%) at the insertion site when the catheter was inserted about 5 cm into the lumbar epidural space.
In our series, 8 subjects (11.1%) had a catheter inserted without coiling, while 41 (57%) had a coiled or double looped catheter. In no case was the catheter inserted in the direction opposite the needle bevel. In 16 subjects (22%), the catheter was inserted 3.0 or more segments.
An epidural catheter is prevented from moving cephalad by connective tissue, blood vessels, and nerve roots in the epidural space [1] [2] [3] . Especially in the lumbar region, moving cephalad is difficult because the Tuohy needle is almost perpendicular to the skin. In addition, the approach (midline or paramedian) used with a Tuohy needle [4] or the material that the epidural catheter is made from [5] can affect catheter insertion.
This study adds to the little information available on catheter insertion at the upper thoracic level. One possible error in the analysis is that we did not identify the relationship between the catheter tip position and puncture site in real time. Rather, we recorded the deepest location of the catheter tip or catheter loop formation after catheter insertion. In addition, although catheter progression varied, the type of insertion was classified simply, hence the analysis was not three-dimensional.
In conclusion, the position of a catheter inserted in the upper thoracic epidural space is difficult to predict. Therefore, deep insertion of an epidural catheter should be performed under Carm guidance to check the catheter tip position and presence of coiling. 
